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bstract

Biosorption of Reactive Black 5 (RB 5) dye onto dried Penicillium restrictum biomass was studied with respect to pH, contact time, biosorbent
nd dye concentrations. The effect of temperature on the biosorption efficiency was also carried out and the kinetic parameters were determined.
ptimum initial pH, equilibrium time and biomass concentration for RB 5 dye were found to be 1.0, 75 min and 0.4 g dm−3 at 20 ◦C, respectively.

he maximum biosorption capacities (qmax) of RB 5 dye onto dried P. restrictum biomass were 98.33 and 112.50 mg (g biomass)−1 at 175 mg dm−3

nitial dye concentration at 20 and 50 ◦C, respectively, and it was 142.04 mg (g biomass)−1 at 200 mg dm−3 initial dye concentration at 35 ◦C. The
esults indicate that the biosorption process obeys a pseudo-second-order kinetic model.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Dyes are synthetic chemical compounds having complex aro-
atic structures. They contain different chromophores such as

zo groups, which combine with various reactive groups [1].
hey are classified as acidic, basic, azo, diazo, disperse, metal
omplex and antraquinone-based dyes [2] according to their
tructural varieties and generally considered as a primary con-
ributor for the environmental pollution due to their wide use in

any areas especially in textile industry. The major industries
tilizing dye molecules to colour their final products in addi-
ion to textiles are dye houses, cosmetics, food, rubber, leather,
harmaceutical, paper and printing industries [3]. The hazardous
ffects of dyes come from their discharge into receiving waters.
nce they are released, they not only produce toxic amines by the

eductive cleavage of azo linkages which causes severe effects
n human beings through damaging the vital organs such as the

rain, liver, kidneys, central nervous and reproductive systems
4,5] but also prevent photosynthetic activity in aquatic life by
educing light penetration [6]. Therefore, their removal causes

∗ Corresponding author. Fax: +90 222 2393578.
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big environmental concern in industrialized countries in the
orld and is subjected to many scientific researches.
Commonly used traditional methods to eliminate dyestuffs

rom textile and dye-containing effluents are those of activated
arbon adsorption, reverse osmosis, oxidation, ultra filtration,
occulation, color irradiation, coagulation, sedimentation and
recipitation [7], but they are ineffective, especially for the
emoval of brightly coloured, water-soluble reactive and acid
yes [8]. This is because dyes show resistance to many chemi-
als, oxidizing agents and light [9]. The activated carbon adsorp-
ion is of choice because of its high adsorption capacity and
urface area as well as having microporous structures [10], but
ts large scale application is restricted due to high operating costs,
roblem with regeneration and relatively high price [6,11].

Biosorption process is attracted great attention in recent years
s less costly alternative methods in place of current adsorption
rocesses since they utilize not only plant materials [10] but
lso a wide variety of microorganisms in dead, pretreated and
mmobilized forms as adsorbing agents [12]. These materials
re cheap to produce and carry wide range of binding sites

or dye molecules [13]. Therefore they are subjected to many
esearches to be investigated for the removal of various dyes
rom aqueous solutions such as Acid Red 274 [14], Basic Blue
1 [11], Rhodamine B [15], Congo Red [16], Methylene Blue

mailto:ikiran@ogu.edu.tr
dx.doi.org/10.1016/j.jhazmat.2006.09.028
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Fig. 1. The chemical structure of Reactive Black 5.

17] and Acid Red 57 [18]. The term “biosorption” refers to
he removal of unwanted organic and inorganic species, which
nclude dyes, metals and odor causing substances by microbial
iomass through a combination of active and passive transport
echanisms including ion-exchange and complexation [19,20].
icrobial cell surfaces carry various types of functional groups

f amino, carboxylate, phosphate and hydroxyl which are
esponsible for the sequestration of hazardous materials from
ndustrial effluents [21].

In this study, biosorption of RB 5 dye (see Fig. 1), commonly
sed in textile industry for coloring clothes in Turkey, onto dried
enicillium restrictum biomass was investigated in a batch sys-

em with variation in the parameters of initial pH, contact time,
ye and biosorbent concentration in addition to temperature.
he biosorption kinetic was also investigated. To our knowl-
dge, this is the first example for P. restrictum biomass to be
sed as a biosorbent material for the removal of dye molecules
rom aqueous solutions.

. Material and methods

.1. Preparation of the biosorbent

The filamentous fungus, P. restrictum (wild type), was iso-
ated from Industrial Wastewater Treatment Plant in Eskişehir,
urkey. The fungus was stored on potato dextrose agar slants
t 4 ◦C [22]. A medium for growing P. restrictum was prepared
y mixing sucrose (20 g), bacto peptone (5 g), neopeptone (5 g),
H2PO4 (1 g), NaNO3 (1 g) and MgSO4·7H2O (0.5 g) in dis-

illed water (1 dm3). The pH of the growth medium was adjusted
o 5.5 by the addition of 1 M HCl before autoclaving at 121 ◦C for
t least 20 min. Erlenmayer flasks containing the above media
0.1 dm3) were inoculated with spore suspension (0.001 dm3)
btained shaking sterile water (0.01 dm3) with mature slopes
f P. restrictum under sterile conditions. Growth was allowed
o proceed for 7 days at 25 ◦C on a rotary shaker operating at

20 rpm. After the fungal growth, the biomass and the culture
edium were separated by filteration. The resulting biomass was
ashed several times thoroughly with distilled water, spread on
etri dishes and dried in an oven at 60 ◦C overnight. They were

w
s
t
d
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hen powdered using a mortar and pestle and sieved to select
articles 150 �m for use as a biosorbent.

.2. Preparation of dye solution

The dye used in this study was Reactive Black 5 (RB 5; com-
ercial name Sakazol Black B) obtained from BIRBOY textile

ompany in Istanbul, Turkey and used without further purifi-
ation. The tests solutions containing RB 5 dye were prepared
y diluting 1.0 g dm−3 of stock solution which was prepared by
issolving an accurate quantity of dye in distilled water.

.3. Dye biosorption experiments

Laboratory biosorption experiments were performed at dif-
erent biomass feeds, initial RB 5 dye concentrations and various
emperatures. The batch experiments were carried out in a beaker
0.1 dm3) at an agitation speed of 200 rpm on a magnetic stirrer.
he biosorption capacity was determined by using the following
quation taking into the concentration difference of the solution
t the beginning and equilibrium accounts:

e = [(Ci − Ce)]xV

m
(1)

here Ci and Ce are the initial and the equilibrium dye concen-
rations (mg dm−3), V is the volume of solution (dm3) and m is
he amount of biosorbent used (g).

Firstly, the effect of the solution pH on the biosorption
apacity of RB 5 dye onto dried P. restrictum biomass was
xamined by equilibrating the adsorption mixture with dried
iomass (0.02 g) and 0.05 dm3 of 150 mg dm−3 RB 5 dye solu-
ion, adjusting the pH value between 1 and 10 adding freshly
repared 0.1 M HCl or 0.1 M NaOH solutions for 1 h. This was
ollowed by the assessment of the effect of equilibrium time
aried between 10 and 120 min on the dye biosorption capac-
ty of the biosorbent. Then, the binding capacity of biomass was
ssessed, varying the RB 5 dye concentration within the range of
00–250 mg dm−3 and adjusting the pH to a value of 1.0 which
s the optimum pH. The effect of biomass concentration on RB
sorption was also determined using biomass samples ranging

rom 0.02 to 0.2 g at 0.05 dm3 of 150 mg dm−3 RB 5 dye solution
nd pH of 1.0 for 1 h. When the sorption procedure completed,
he solutions were centrifuged at 4500 rpm for 10 min and the
upernatants were then analyzed for residual RB 5 dye con-
entrations spectrophotometrically using a spectrophotometer
UV/vis, Cecil 4002) at λmax 596.0 nm. The solutions concerned
ere diluted to known concentrations to read the values before
aking the measurements. The optimum pH and biomass con-

entration were determined as 1.0 and 0.4 g dm−3, respectively,
nd used throughout all biosorption experiments.

Finally, several experiments were conducted to study the
ffects of temperature on the biosorption process and deduce
inetic parameters as follows: a constant biomass of 0.02 g was

eighed and mixed with 0.05 dm of 150 mg dm RB 5 dye

olutions at various time intervals between 10 and 120 min and
emperatures of 20, 35 and 50 ◦C. The concentration of RB 5
ye was determined as described above.
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Fig. 2. Effect of pH for the biosorption of RB 5 dyes onto dried P. restrictum
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Fig. 3. The effect of equilibrium time for biosorption of RB 5 dyes onto dried
P
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dye concentration was decreased from 85.92 to 35.98 mg
(g biomass)−1 with increase in biosorbent concentration, from
iomass at 20 ◦C.

. Results and discussion

.1. Effect of pH

The pH is an important parameter for biosorption studies
nd affects not only the biosorption capacity, but also the colour
nd solubility of dye solutions. The maximum biosorption
apacities of dried P. restrictum biomass are plotted against
olution pH in Fig. 2 using 0.05 dm3 of 150 mg dm−3 initial dye
olution, 0.02 g biomass concentration, contact time of 60 min
t 20 ◦C. As shown in this figure, the equilibrium biosorption
apacity of the biosorbent decreased from 78.00 to 65.50 mg
g biomass)−1 when the solution pH is changed from 1 to

and a sharp decrease was observed at pH 3, dropping the
iosorption capacity to 20.00 mg (g biomass)−1. This trend is
ontinued with increasing solution pH from 4 to 8, causing
he equilibrium uptake capacity to drop from 13.35 to 8.00 mg
g biomass)−1. The sorption capacity further decreased after
H 8 and reaches the lowest level of 2.68 mg (g biomass)−1

iosorption capacity at pH 10. From this study, the optimum pH
s determined as 1 at which the maximum biosorption capacity
f dried P. restrictum biomass for RB 5 dyes was determined as
8.00 mg (g biomass)−1 at 20 ◦C. This effect is largely related
o the anionic characters of RB 5 dye. Weak base groups in the
iomass surface are protonated and acquire a net positive charge
ith diminishing solution pH. This causes a significantly high

lectrostatic attraction between the surface of dried P. restrictum
iomass and RB 5 dyes, resulting in a high biosorption capacity.
ower biosorption capacity of RB 5 observed at basic pH

s a result of competition between the excess hydroxyl ions
nd the negatively charged dye ions for the biosorption sites
13].

In a study describing the removal of RB 5 dye from aqueous
olutions by dried activated sludge, Gulnaz et al. [23] reported
hat the optimum solution pH was 2 at which the adsorption

apacity of the dried sludge was determined as 116 mg g−1 for
0 ◦C.

0
i

. restrictum biomass at temperatures of 20, 35 and 50 ◦C.

.2. Effect of contact time

Contact time is one of the important parameters for success-
ul deployment of the biosorbents for practical application and
apid sorption is among desirable parameters [24]. Fig. 3 indi-
ates the RB 5 dye uptake by the biosorbent as a function of
ontact time at different temperatures of 20, 35 and 50 ◦C. An
ptake capacity of 56.83 mg (g biomass)−1 was observed within
0 min and then the sorption capacity was increased constantly
ith increasing contact time reaching to a maximum point of
5.83 mg (g biomass)−1 in 75 min at 20 ◦C. Beyond the equilib-
ium time, there is a steady decrease observed on the biosorption
apacity. A similar trend was observed at 35 and 50 ◦C and
he maximum biosorption capacities were determined as 97.92
nd 110.00 mg (g biomass)−1 in 75 min, respectively, followed
y steady decrease with increasing the contact time. Therefore
5 min is fixed as the optimum contact time for studies carried
ut at 20, 35 and 50 ◦C. An increase observed on the biosorp-
ion capacity with increasing contact time is due to availability
f biosorption sites on the biomass surface. A decrease observed
n the biomass capacity after equilibrium time could be related
o the desorption of dye molecules from the biomass surfaces
robably caused by repulsive forces between dye molecules at
djacent sites on the biomass surfaces [25].

.3. Effect of biosorbent concentration on RB 5 dye removal

The biosorption of RB 5 dye onto dried P. restrictum biomass
as measured at seven different biosorbent concentration at
H of 1 and contact time of 75 min and 20 ◦C, using 0.05 dm3

f 150 mg dm−3 dye solution to investigate the effect of
iosorbent concentrations. The results of the experiments are
resented in Fig. 4. It is clear from the figure that the biosorbed
.4 to 4.0 g dm−3. The decrease in biosorption capacity with
ncreasing biosorbent concentration could be explained by not
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ig. 4. Effect of biosorbent concentration for biosorption of RB 5 dyes onto
ried P. restrictum biomass at 20 ◦C.

nly unsaturation of biosorption sites through the adsorption
eaction but also the particle interaction such as aggregation
ccurring at high biosorbent concentration and leading to
ecrease in total surface area [26]. Another reason could be due
o the splitting effect of concentration gradient between dye

olecules and biomass concentration causing a decrease in the
mount of dye biosorbed onto unit weight of biomass [27].

.4. Effect of initial dye concentration

The parameter, initial concentration, provides an important
riving force to overcome resistances encountered when all
olecules are transferred between the aqueous and solid phases

28]. In this study, the RB 5 dye removal capacity of dried P.
estrictum biomass was investigated using RB 5 dye solutions
anged from 100 to 250 mg dm−3 at pH 1.0 and 20 ◦C. The equi-

−1
ibrium dye uptake capacity value (mg (g biomass) ) is given
n Fig. 5. The equilibrium loading capacity increased from 73.92
o 100.46 mg (g biomass)−1 as the initial dye concentration was
ncreased from 100 to 175 mg dm−3 which is the maximum dye

ig. 5. The effect of initial RB 5 dye concentration for biosorption of RB 5 dyes
nto dried P. restrictum biomass at 20 ◦C.
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ptake value at 20 ◦C. Then the biosorption capacity decreased
o a value of 81.04 mg (g biomass)−1 as the initial dye con-
entration was further increased to 250 mg dm−3. Therefore
75 mg dm−3 dye concentration is determined as the optimum
nitial dye concentration at 20 ◦C. The effects could be explained
s follows: at lower initial dye concentrations, all dye molecules
ould interact with the binding sites on the biomass surface and
igh sorption rates occur while at high initial dye concentra-
ions, binding sites on the biomass surface are saturated and no
urther biosorption occurs. A decrease observed on the biosorp-
ion capacity is mainly due to the repulsive forces between
ye molecules at adjacent sites on the cell surface, resulting
n removal of some dye molecules from the surface [25].

.5. Effect of temperature

The temperature has two main effects on the sorption pro-
esses. Increasing temperature is known to increase the diffusion
ate of the adsorbate molecules within the pores as a result of
ecreasing solution viscosity and will also modify the equilib-
ium capacity of the adsorbent for a particular adsorbate [29]. To
nvestigate the effect of temperature, the equilibrium biosorption
apacity of RB 5 dye onto dried biomass of P. restrictum was
tudied at three constant temperatures of 20, 35 and 50 ◦C. An
ncrease in the temperature from 20 to 35 and to 50 ◦C led to
n increase on the uptake capacity of the biomass for the dye
olecules from 100.46 to 110.88 and 112.50 mg (g biomass)−1,

espectively, under optimum condition of pH, biomass con-
entration and equilibrium time at an initial concentration of
75 mg dm−3, respectively. This result indicated that a better
iosorption of RB 5 dye is actually obtained at higher tempera-
ures after the equilibrium time.

.6. Biosorption kinetic

The kinetics studies have carried out to determine the effi-
iency of RB 5 dye biosorption onto dried P. restrictum biomass
nd indicated that the biosorption capacity increases with the
nitial dye concentrations in all cases. Various kinetic models
ncluding first-order and pseudo-second-order were tested for
he experimental data to elucidate the biosorption mechanism.

The pseudo-second-order kinetic model [30] is expressed as:

t

qt

= 1

k2q
2
2

+ 1

q2
t (2)

here q2 is the biosorbed dye amount at equilibrium (mg g−1)
or the pseudo-second-order biosorption, qt is the amount of RB
dye biosorbed at time t (mg g−1) and k2 is the pseudo-second-
rder kinetic rate constant (g mg−1 min−1). Values of k2 and q2
ere calculated from the plot of t/qt against t (Fig. 6).
The plots of linear form of the pseudo-first-order and pseudo-

econd-order were obtained at the temperatures of 20, 35 and

0 ◦C and the kinetic parameters for the biosorption process are
iven in Table 1. The plots of 1/qt versus 1/t for the first-order
quation are not shown as a figure because the correlation coef-
cients for the pseudo-first-order model are lower than that of
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Fig. 6. Pseudo-second-order kinetic plots for biosorption of RB 5 dye onto dried
P. restrictum biomass at temperatures of 20, 35 and 50 ◦C.

Table 1
Pseudo-second-order kinetic parameters for the biosorption of RB 5 dyes onto
dried P. restrictum biomass at temperatures of 20, 35 and 50 ◦C

t (◦C) k2 (g mg−1 min−1) q2 (mg g−1) qexp (mg g−1) r2
2

20 2.392 × 10−3 90.25 95.83 0.978
35 1.111 × 10−3 99.40 97.92 0.974
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[23] O. Gulnaz, A. Kaya, S. Dincer, The reuse of dried activated sludge for
adsorption of reactive dye, J. Hazard. Mater. B 134 (1–3) (2006) 190–196.
50 4.538 × 10−4 119.43 110.00 0.958

he pseudo-second-order model. The magnitude of the regres-
ion coeffcient r2 for the pseudo-second-order model changed
etween 0.978 and 0.958 at constant temperatures of 20, 35
nd 50 ◦C. Therefore, this implies that the biosorption of RB 5
yes onto dried P. restrictum biomass does not follow first-order
inetic, but follow the pseudo-second-order kinetic models.

. Conclusions

In the present study, the biosorption behavior of a reactive
ye, namely Reactive Black 5 (RB 5) onto dried P. restrictum
iomass has been investigated with variations in parameters of
H, biosorbent and dye concentrations and contact time at vari-
us temperatures. The maximum biosorption capacity for RB 5
ye was found to be 142.04 mg (g biomass)−1 under optimum
onditions of pH 1, contact time of 75 min, biomass concen-
ration of 0.02 g at initial concentration of 200 mg dm−3 and
5 ◦C. The biosorption process was found to obey a pseudo-
econd-order rate. Increasing temperature caused an increase on
he biosorption capacity of the dried cell, indicating that higher
emperatures favor the biosorption process. In the light of these
xperimental results, it can be concluded that the filamentous
ungus, P. restrictum in dried form has a potential to be used
s an alternative biosorbent material for the removal of RB 5
ye from aqueous solutions because of easily cultivable, its low

ost, reasonable biosorption capacity with low biomass dosage
0.4 g dm−3) and being free from pathogenicity.
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[5] A.S. Özcan, A. Özcan, Adsorption of acid dyes from aqueous solu-
tions onto acid-activated bentonite, J. Colloid Interf. Sci. 276 (2004) 39–
46.

[6] T.O. Mahony, E. Guibal, J.M. Tobin, Reactive dye biosorption by Rhizopus
arrhizus biomass, Enzyme Microbial Technol. 31 (2002) 456–463.

[7] S.A. Ong, E. Toorisaka, M. Hirata, T. Hano, Treatment of azo dye Orange
II in aerobic and anaerobic-SBR systems, Process Biochem. 40 (2005)
2097–2914.

[8] T. Robinson, G. McMullan, R. Marchant, P. Nigam, Remediation of dyes
in textile effluent. A critical review on current treatment technologies with
proposed alternative, Bioresour. Technol. 77 (2001) 247–255.
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